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Fig.1 Sampling method (a) and size (b) of tensile specimen
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Fig.2 Microstructures of the initial hot-rolled sample and the samples heat treated at 850 “C for 1 h and then cooled different methods: (a) original

hot-rolled, (b) water-quenching, (c) air-cooling, and (d) furnace-cooling
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Table 1 Statistics of related microstructure characteristics obtained by three cooling methods

Water quenching Air cooling Furnace cooling
Composition optpta’ optftas optp
o, phase content, w/% 13.53 31.03 74.90
Average grain size of a, phase/um 2.37 291 4.56
Nb content in a;, phase, ©/% 2.18 2.19 1.62
Nb content in f5/fans phase, w/% 4.66 12.93
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Fig.3 Microstructures of the sample heat treated at 850 C for 1 h (a, al) and then cooled to 825 “C (b, bl), 800 C (c, c1), 775 C (d, d1), 750 C (e, el),

and 725 C (f, f1) followed by immediate water quenching
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Fig.4 Statistics of microstructure of the hot-rolled plate heat treated at 850 °C for 1 h and then cooled to specific temperatures followed by

immediate water quenching: (a) volume fraction of o, phase vs temperature and (b) Nb content in a,/f phase vs temperature
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Fig.5 Schematic diagrams of f—a phase transition during furnace cooling process
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Fig.6 Microstructures of hot-rolled plates heat treated at 750, 800 and 850 ‘C for different durations followed by furnace-cooling: (a) 850 ‘C/1 h,
(b) 850 “C/3 h, (c) 850 "C/10 h, (d) 800 "C/10 h, and (e) 750 ‘C/10 h
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Table 2  Statistics of microstructure characteristics of furnace-cooling samples

Parameter 850 C/1h 850 'C/3h 850 C/10h 800 ‘C/10 h 750 C/10 h
ap phase content, /% 74.90 73.56 72.37 75.50 77.03
Nb content in § phase, w/% 13.53 14.34 15.09 15.07 10.67
Average grain size of a, phase/um 4.56 6.16 4.90 4.43
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Fig.7 Microstructures of hot-rolled plate heated at 750, 800 and 850 °C for different durations followed by air cooling: (a) 850 “C/1 h, (b) 850 ‘C/3 h,

(¢) 850 “C/10 h, (d) 800 °C/10 h, and (¢) 750 C/10 h
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Effect of Heat Treatment Conditions on Microstructure Evolution and Mechanical
Properties of Zr-2.5Nb Alloy

Zhang Xunliang', Zhang Conghui', Zhu Wenguang', Song Kangkai', Pu Jiao', Song Guodong', Zhou Xuan®, Zhou Jun®
(1. College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Xi’an Western Energy Material Technologies Co., Ltd, Xi’an 710200, China)

Abstract: The hot-rolled Zr-2.5Nb alloys plates were heated in the high temperature region (750-850 °C) of a+f two-phase region for different
holding time (1-10 h) and then cooled to room temperature in different ways. The effects of different heat treatment conditions on the
microstructure type, microstructure characteristic (phase content, grain size, etc.) and mechanical properties of the alloy were studied. The results
show that there are two different diffusion transformation types in the air cooling and furnace cooling process compared with water cooling. In the
air cooling process, nano-scale lath a5 phase is precipitated inside the § phase to form the bimodal microstructure. During the furnace cooling
process, o, phase directly consumes £ phase and grows up to form equiaxed microstructure. With the increase of heat treatment temperature and
the prolongation of holding time, the volume fraction of o, phase decreases, the continuity of fans phase increases and a5 phase coarsening occurs
in air cooling process. The volume fraction of a, phase in the equiaxed microstructure in furnace cooling process remains basically unchanged, the
average grain size increases, and the continuity of the residual § phase is enhanced. Compared with the equiaxed microstructure, the nano-os phase
in the bimodal microstructure improves the strength of the alloy and the a, phase ensures that the alloy has good plasticity. Reducing the heat
treatment temperature and holding time can make the bimodal structure alloy have excellent combination of strength and plasticity.

Key words: Zr-2.5Nb alloy; high temperature region of a+f phase heat treatment; microstructure transformation mechanism; microstructure

characteristics; mechanical properties
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